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Introduction {#j_hukin-2016-0041_s_001}
============

Water polo first emerged in the United Kingdom at the end of the 19th century as an alternative to football during the summer months, and it was the first Olympic team sport. This young sport discipline has undergone major changes to its rules over time since the first official regulations in 1876; the changes are ongoing, with the latest amendments made by the International Amateur Swimming Federation (FINA) in 2013. These changes have led to the emergence of three very distinct stages in the game.

Scientific interest in water polo tends to focus on physiological ([@j_hukin-2016-0041_ref_015]; [@j_hukin-2016-0041_ref_025]; [@j_hukin-2016-0041_ref_030]), psychological ([@j_hukin-2016-0041_ref_022]; [@j_hukin-2016-0041_ref_029]), bio-mechanical ([@j_hukin-2016-0041_ref_008]; [@j_hukin-2016-0041_ref_010]; [@j_hukin-2016-0041_ref_011]) and technical/tactical aspects ([@j_hukin-2016-0041_ref_006]; [@j_hukin-2016-0041_ref_024]; [@j_hukin-2016-0041_ref_028]). There has been a surge in interest in the technical/tactical aspect in recent years due to its influence on performance ([@j_hukin-2016-0041_ref_004]). In particular, in recent years, technical and tactical studies of this sport have been focused on team efficacy ([@j_hukin-2016-0041_ref_006], [@j_hukin-2016-0041_ref_004]; [@j_hukin-2016-0041_ref_020]), tactical roles ([@j_hukin-2016-0041_ref_016]; [@j_hukin-2016-0041_ref_017]), a competition level (Lupo et al., 2010), match outcomes ([@j_hukin-2016-0041_ref_006], [@j_hukin-2016-0041_ref_005]; [@j_hukin-2016-0041_ref_021]; [@j_hukin-2016-0041_ref_028]), and margin of victory ([@j_hukin-2016-0041_ref_013]; [@j_hukin-2016-0041_ref_018], [@j_hukin-2016-0041_ref_019]).

It is therefore necessary to determine how rule changes related to the distance of the penalty shot from the goal have influenced scoring efficacy and the development of the game itself.

The aim of this study was to understand the effects of changing the distance of the penalty shot in water polo. While a shorter distance made the penalty shot more effective, it reduced the occurrence of this sanction.

Material and Methods {#j_hukin-2016-0041_s_002}
====================

Participants {#j_hukin-2016-0041_s_002_s_001}
------------

The study considered all the penalties scored at the 10th Water Polo World Championships held in Barcelona in 2003 and the 12th Water Polo World Championships held in Melbourne in 2007. The sample comprised 278 shots, 95 of which were in the female category (40 in 2003 and 55 in 2007) and 183 in the male category (41 in 2003 and 142 in 2007).

Measures {#j_hukin-2016-0041_s_002_s_002}
--------

Five variables were analysed in this study: (1) *Gender,* with two categories: male and female; (2) *Side*, with two categories: right handed and left handed; (3)*Shot* , with two categories: a straight forward power shot and a bounce shot (or a skip shot); (4) *Efficacy*, with two categories: goal and no goal; and (5) *Goal post area*, at which the ball is aimed, with three categories: right lateral, central and left lateral.

Procedures {#j_hukin-2016-0041_s_002_s_003}
----------

Notational analysis ([@j_hukin-2016-0041_ref_002]; [@j_hukin-2016-0041_ref_013]; [@j_hukin-2016-0041_ref_019]) using a longitudinal correlational and descriptive design was employed to determine whether differences occurred due to rule changes. All penalties from each of the games were recorded, using two digital video cameras (JVC, GZ-MG50E, JAPN), positioned in the area behind each goal post. Afterwards, an evaluation of the shots using Polo Direct Analysis v1.0 software ([@j_hukin-2016-0041_ref_003]) was performed by ten independent observers who had received prior training in observational categorisation ([@j_hukin-2016-0041_ref_003]). Inter-observer reliability was assessed using the Kappa concordance index, ensuring concordance coefficients greater than .98 in all cases.

Analysis {#j_hukin-2016-0041_s_002_s_004}
--------

The data registered in Polo Direct Analysis v 1.0 were exported using the SPSS 19.0 statistical package for Windows.

The χ^2^ test was applied to determine the influence of rule changes regarding the distance of penalty shots. All analyses were completed with respective contingency tables.

Results {#j_hukin-2016-0041_s_003}
=======

The results obtained based on the objectives of this study are presented below: a)Descriptive analysis of the 2003 and 2007 Championships.

A contingency table ([Table 1](#j_hukin-2016-0041_tab_001){ref-type="table"}) displays the frequency and percentages of five variables considered in the corresponding championships in 2003 and 2007. The studied variables were \"sex\", \"laterality\", \"shot type\", \"efficacy" and "goal post area". As shown in [Table 1](#j_hukin-2016-0041_tab_001){ref-type="table"}, in the 2003 Championships, the percentages of female and male athletes were almost equal, with an increased number of shots from right-handed players, a higher percentage of power shots, a higher percentage of shots resulting in goals (81.5%) and a lower percentage of shots resulting from shots at the centre of the goal post compared to those taken from the side. In contrast, there was a higher frequency of male than female athletes in the 2007 World Championships compared to 2003, with nearly equal percentages of shots by right-handed and left-handed players, higher percentages of "power shots" than "bounce shots" and higher percentages of shots to the right side of the goal post compared to the centre or the left side.

###### 

Analysis of frequency and percentages for the 2003 and 2007 Championships.

                                      CHAMPIONSHIP 2003   CHAMPIONSHIP 2007           
  ------------------- --------------- ------------------- ------------------- ------- ------
  Sex                 Male            41                  50.6                142     72.1
  Female              40              49.4                55                  27.9    
  Total               81              100.0               197                 100     
  Side                Right-handed    69                  85.2                169     85.8
  Left-handed         12              14.8                28                  14.2    
  Total               81              100.0               197                 100.0   
  Shot                Front tense     62                  76.5                121     61.4
  Front with bounce   19              23.5                76                  38.6    
  Total               81              100.0               197                 100.0   
  Efficacy            Goal            66                  81.5                146     74.1
  No goal             15              18.5                51                  25.9    
  Total               81              100.0               197                 100.0   
  Goal post           Right lateral   24                  29.6                78      39.6
  Central             12              14.8                14                  7.1     
  Left lateral        30              37.0                54                  27.4    
  Without goal        15              18.5                51                  25.9    
  Total               81              100.0               197                 100     

When we compared the frequency of the occurrence of studied variables selected from both championships, differences were found in all variables except for the laterality of the players. The number of shots more than doubled from the championships in 2003 to 2007, from 81 to 197, respectively. There was a shift from an equal number of penalties by each gender in 2003, to the preponderance of penalties in the men\'s competition (72.1%) in 2007. Although a 15% decrease in power shots was observed in 2007, it remained the most widely used, with 61.4% of shots of this type performed. There was a decrease in shots taken from the centre and left-hand side of the goal post and an increase in shots from the right-hand side. Lastly, there was a 7.4% decrease in scoring efficacy in the 2007 World Championships.

b\) Determination of efficacy differences between the two championships.

The results demonstrate very similar ratios between the two championships. The χ^2^ test pinpoints lack of any significant difference between the efficacy ratios in both championships (χ^2^= 1.722; *p* = .189).

In the absence of any significant differences, we considered the gender variable based on the differences (in percentages) between the results of male and female athletes in the 2007 Championship ([Table 1](#j_hukin-2016-0041_tab_001){ref-type="table"}) and the 2003 Championship. By applying the χ^2^ test, significant differences (χ^2^ =11.755; *p* \< .001) were found in gender variable ratios, which points to the need to perform differential statistical analyses controlling for this variable.

The results of the relationship between efficacy and the championship analysed in the men\'s category did not show any statistically significant results (χ^2^ = 2.619, *p* = .106). Similarly, the results in the women's category showed an absence of any significant differences (χ^2^ = .397; *p* = .528). Therefore, there was no difference in the degree of efficacy between the two championships.

c\) Determination of differences between the two championships in terms of laterality.

The application of the χ^2^ test found no statistically significant differences between the championships (χ^2^ = .017; *p* = .897).

However, this difference was confirmed when performing the analysis for the men\'s (χ^2^ = .060; *p* = .807) and women\'s categories (χ^2^ = .057; *p* = .811). Laterality was greater in right-handed cases than in left-handed ones for both championships.

d\) Determination of shot differences between the two championships.

In contrast, significant differences were observed in the shot type (χ^2^ = 5.835; *p* = .016). The bounce shot was used more often in the 2007 Championships compared to the 2003 Championships.

To determine whether such an effect occurred in both categories (male and female), the same analyses were conducted for the male group, showing the absence of any significant results (χ^2^ = .084; *p* = .771). However, significant differences were observed in the female category, indicating a significant increase in bounce shots in the 2007 Championship (χ^2^ = 10.586; *p* = .001).

e\) Determination of differences related to the location of the goal post toward which the shots were aimed in the two championships.

###### 

Contingency table based on the championship and effectiveness as well as the championship and laterality.

                        CHAMPIONSHIP 2003   CHAMPIONSHIP 2007           
  ------------- ------- ------------------- ------------------- ------- ------
  Efficacy      Goal    66                  81.5                146     74.1
  No goal       15      18,5                51                  25.9    
  Total         81      100.0               197                 100     
  Side          Right   69                  85.2                169     85.8
  handed                                                                
  Left handed   12      14.8                28                  14.2    
  Total         81      100.0               197                 100.0   

###### 

Contingency table based on the championship and the type of a shot and the championship as well as the place of the goal where the shot occurred.

                                           CHAMPIONSHIP 2003   CHAMPIONSHIP 2007           
  ------------------------ --------------- ------------------- ------------------- ------- ------
  Shot                     Front tense     62                  76.5                121     61.4
  Front with bounce        19              23.5                76                  38.6    
  Total                    81              100.0               197                 100     
  Shot (female category)   Front tense     35                  87.5                31      56.4
  Front with bounce        5               12.5                24                  43.6    
  Total                    40              100.0               55                  100.0   
  Goal Post                Right lateral   24                  29.6                78      39.6
  Central                  12              14.8                14                  7,1     
  Left lateral             30              37,0                54                  27,4    
  Without goal             15              18,5                51                  25,9    
  Total                    81              100.0               197                 100.0   

The results of this analysis were statistically significant (χ^2^ = 8.273; *p* = .041). There was an increase in \"right lateral\" shots and a reduction in both the \"central\" and \"left lateral\" areas in the 2007 Championships. There was also a slight increase in \"no goal\" shots.

In this case, it was impossible to conduct an analysis based on the gender variable because the requirements of the χ^2^ test were not met, as there was an insufficient number of frequencies or cases in the contingency tables developed for both the male and female categories. Therefore, the results show significant differences in the goal post location where the shot was performed when comparing the two championships.

Discussion {#j_hukin-2016-0041_s_004}
==========

This study aimed to analyse the influence of changes made to the penalty shot distance of 4 m in 2003 and 5 m in 2007, and the influence of these changes on scoring efficacy. A high level of efficacy in these shots can influence the final result of the match due to their importance to the game ([@j_hukin-2016-0041_ref_023]).

The few studies based on real games ([@j_hukin-2016-0041_ref_017], [@j_hukin-2016-0041_ref_018], [@j_hukin-2016-0041_ref_019]) only highlighted the increase in the number of sanctioned penalties and showed that significant differences existed in their occurrence among the teams that won more than their three-goal games.

In the 2003 World Championships, the same percentage of penalties considering the gender variable was performed. However, in 2007, this percentage increased in male water polo (72.1%). This is because ball possession time decreased by five seconds, which resulted in a faster game, with more playing situations on a counterattack that caused more simple temporary numerical inequalities or penalties.

In the 2007 World Championships, the percentage of "power shots" (15%) decreased, although it still remained the type of a shot the most often used (61.4%). There was also an increase in shots directed to the right side of the goal post and a decrease in shots to the centre or the left side. In addition, a slight increase of \"no goal\" shots was recorded. Considering the change in the distance and the difficulty of surprising the goalkeeper with a quick shot, it appears that this type of a shot has been replaced with a "bounce shot" directed at the sides of the goal post, making it difficult to stop, which increases the likelihood of scoring a goal, as the scoring efficiency decreased by 7.4% (although the difference was not significant).

There are very few studies available on the analysis of general scoring efficacy or on penalties in sport, with none whatsoever focusing on water polo. While some studies have been conducted on the accuracy and speed of shots performed under experimental conditions, none have analysed actual play. [@j_hukin-2016-0041_ref_031] included defenders and goalkeepers in his experiment conducted under semi-real game conditions based on 2003 rules and observed a greater decrease in scoring efficacy as the experimental conditions become similar to the actual game. Scoring efficacy of 66.6% was found for penalties, which is a lower value than 81.5% observed in our study, most likely because the sample was composed of regional Australian players. However, she also observed the same pattern of shots taken from the right side. Another study ([@j_hukin-2016-0041_ref_009]) conducted with no direct observation of the 2007 rules, once again identified lower scoring efficacy, except for the male winning teams, who displayed efficacy of 78.5%, what is 4.4% higher than what we observed. In contrast, [@j_hukin-2016-0041_ref_014] pointed toward fatigue, accuracy and speed of the shot as influential factors in scoring efficacy, leading researchers to focus on these aspects from a biomechanical perspective ([@j_hukin-2016-0041_ref_032]). These authors found no difference between shooting speed from 5 m with and without the presence of a goalkeeper, and the prior trajectory. It allows us to cautiously compare our results with studies conducted under laboratory conditions. However, it is important to note that while [@j_hukin-2016-0041_ref_001] found that elite players modified their shot pattern and speed depending on whether they were in training or competition conditions, a previous study did not observe such a difference. Therefore, it is impossible to compare our results with previous studies because of conflicting results, as well as the fact that these were performed under experimental conditions and did not consider analysis of a real game.

[@j_hukin-2016-0041_ref_026], examining the influence of fatigue, found that there was less accuracy in shots taken during rest or under less tiring conditions compared to when they were taken after a moderate or vigorous exertion. This provides us with a clue to why there is a decrease in goals scored under the new rules, as penalties are taken throughout the whole game rather than just at the end, when more of these types of offenses were committed with the previous rules in effect.

With this in mind, it would seem relevant, similarly to the case of free throws in basketball ([@j_hukin-2016-0041_ref_007]), to establish such statistics to be considered for future studies, as well as to determine possible relationships between overall scoring and penalties efficacy.

Conclusions {#j_hukin-2016-0041_s_005}
===========

Based on the objectives of the study and the results obtained, the following game tendencies can be summarized: --A direct and positive relationship between increased shooting distance and the number of penalties established by referees (81 in 2003 and 197 in 2007), increasing their influence on the final result.--A direct and negative relationship between scoring efficacy (a 7.4% decrease) and increased shooting distance.--A significant difference in relation to the area and the type of a shot based on the distance itself. The greater the distance, the fewer the centre and power shots observed, with a predominance of bounce shots to the right of the goal posts.--No significant differences existed between the lateral dominance of the player with regard to shooting distance. We observed a predominance of right-handed over left-handed players.--The number of penalties performed in 2003 differed between genders; the great majority of penalties called in 2007 occurred in the men\'s competition (72.1%). However, the difference between the gender penalty sanction was not significant.
